Many workers have now recorded a high incidence of chromosomal abnormalities in spontaneously aborted foetuses, particularly in those aborted in the first trimester of pregnancy and in those which are macroscopically abnormal. Kerr and Rashad (1966) found an incidence of 21% of chromosomal abnormalities in 400 specimens recorded in the world literature. A higher incidence of abnormalities may be found in series confined to first trimester abortions, ranging from 33% (Kerr and Rashad, 1966) to over 60% (Szulman, 1965; Thiede and Salm, 1964) . The common abnormalities of karyotype are 45,X, various trisomies, and triploidy or tetraploidy. Occasional autosomal monosomies have been reported in early specimens (Inhorn, Therman, and Patau, 1964; Kelly et al., 1965; Jacobson and Barter, 1967; Waxman, Arakaki, and Smith, 1967) .
Most of these workers studied random cases of spontaneous abortion, and few cytogenetic studies of recurrent abortions have been carried out. The possibility of transmissible chromosomal anomalies causing habitual abortion has been suggested on the basis of findings in individual families by Schmid (1962) , Carr (1963) , and Jacobsen, Dupont, and Mikkelsen (1963) who found possible translocations, by Bishun et al. (1964) who described a case of maternal chromosome mosaicism, and by Jacobson and Barter (1967) who described a case of a woman having a probable isochromosome 18 (long arms). Rowley, Marshall, and Ellis (1963) made a retrospective study of 22 women with a history of three or more spontaneous abortions, but they examined the husband's karyotype in only 7 cases. The only abnormality found was a long Y chromosome in one of the men. Wingate (1965) , however, examined 22 couples with a history of three or more abortions and found a possible translocation between the short arms of chromosome 17 or 18 and the short arms of a G autosome in 5 of the women. Received April 19, 1968. 5 Carr (1967) , pointing out that abnormalities of the type described by Schmid (1962) , Wingate (1965) , and himself (1963) are now usually considered to be variants of the normal, concluded it was unlikely that chromosomal anomalies were a common cause of habitual abortion. The conflict of results is probably, in part, a consequence of the small numbers yet studied.
It was considered that the incidence of chromosomal anomalies in couples subject to habitual abortion would be determined only by a prospective, and, if possible, consecutive study of both partners, with foetal studies whenever material became available. The results of a study of 50 families as they presented to one hospital is here reported.
Patients and Methods
Walton Hospital has a ward of 31 beds which admits all cases of abortion, threatened abortion, and complications of abortion accepted by the hospital. It also admits pregnant women with a previous history of abortions for prophylactic rest in early pregnancy.
All women who presented to this unit with a history of two or more spontaneous abortions and with more abortions than successful pregnancies were included in the study. The 50 women studied presented between July 1965 and March 1966. During this period a total of 62 women presented with such a history, but 5 women either refused to take part in the study or took their discharge against medical advice. In the other 7 cases it seemed probable that the abortions were illegally induced or that the fathers were different.
The criteria for study were chosen as a compromise. Different workers have used various definitions of 'habitual abortion'. Many obstetricians agree with Eastman (1956) in reserving the term to cases in which the foetus is lost in three or more consecutive pregnancies. Stillbirths after the 28th week of pregnancy are usually included in such series.
Chromosomal and other genetic causes of abortion would not be expected to bring about consecutive abortion in every pregnancy, and series using Eastman's criteria should be biased against such abnormalities while tending to include an excess of maternal causes of abortion (e.g. uterine defects). Rowley et al. (1963) insisted on three abortions, but not necessarily consecutive.
The present patients have a rate of foetal loss in exces: of 50% as compared with a rate of abortion in norma populations of 11 to 15% (Stevenson and Warnock 1959; Warburton and Fraser, 1964 (1960) . The woman and her husband were studied in every case. At least 50 metaphases were counted for each individual and at least 6 of the better metaphases were photographed to prepare karyotypes. In order to preserve the consecutive nature of the series, individuals were not excluded because of difficulty in obtaining suitable preparations from their lymphocytes. There were no absolute failures, but only poor preparations were obtained from a few individuals even after several cultures. The results in these cases must be less conclusive.
Chromosome preparations were made from the abortuses whenever possible using explant cultures of skin, connective tissue, or amnion by a modification of the method ofHarnden and Brunton (1965) or phytohaemagglutinin stimulated lymphocytes from thymus and spleen by a modification of the method of Baker and Atkin (1963) . The latter method produced good preparations after only 48 hours in culture but was rarely practicable for studying spontaneously aborted material which was usually macerated or autolysed. Amnion was the most useful tissue and gave results in cases where the foetus was so macerated that internal organs were hardly identifiable.
When possible, at least 50 metaphases were counted and 6 were photographed for karyotyping as in the adults.
No limit was put on the duration of pregnancy of the abortuses, though it has been established that chromosomal abnormalities are common only in those of the first trimester. In one woman there was a reciprocal translocation, t(l?-;Gq+) (Fig. 2) . The anomaly was apparently similar to that described in one individual by Maganius et al. (1967) . This patient was of low intelligence and had been deaf at least since very early childhood. She had had 6 pregnancies, with 4 spontaneous abortions and 2 normal children. The second child, a boy born during the course of the study, is a carrier of the translocation in balanced form (Fig. 3) . Investigation of other members of the family was not permitted, but the mother and maternal half sister have long-standing deafness, and the patient was the only child of her mother's present marriage though no contraceptive measures had been used.
These were the only clear translocations in the series, but minor anomalies of the 'marker chromosome' type were found in 6 men and 2 women (Table I) Taylor and Polani (1965) in a case of recurrent abortion.
Discussion
The absence of aneuploid or polyploid foetuses from this series, though it is too small to be conclusive, suggests that there may be a difference in the incidence of such abnormalities in the offspring of women prone to abortion as compared with random abortions. Four of the embryos karyotyped were aborted during the first trimester and one of the others, though expelled early in the second tnimester, consisted of an empty chorionic sac. In specimens of this type the incidence of chromosomal abnormalities has been reported as from 33% (Kerr and Rashad, 1966) to 66% (Thiede and Salm, 1964) .
It might be concluded that these cases ofrecurrent abortion were caused by maternal abnormalities, such as cervical incompetence or endocrine insufficiency, and that there was therefore no associated foetal abnormality.
The fact that no foetal parts were present in one of the specimens and that most of them showed evidence of death in utero long preceding the abortions, argue against this. The macroscopical findings were much the same in the 8 foetuses from which successful cultures could not be made (Table II) .
These early foetal deaths would be compatible with a lethal embryonic genetic constitution due either to inherited lethal genes without chromosomal abnormality, or possibly to structural rather than numerical abnormalities of chromosomes.
Some of the abnormalities would not necessarily be detectable by present techniques.
It was not practicable to undertake cultures of tissues other than lymphocytes in every adult, though it had been planned to do so for the parents of any aneuploid foetus which might be found. Even negative findings in cultures of blood and skin would not exclude the possibility of gonosomal mosaicism, but the absence of chromosome mosaicism from the lymphocyte cultures together with the finding of no aneuploid foetuses in the small series suggest that parental chromosome mosaicism is not a frequent cause of recurrent abortion.
Carriers of balanced translocations were considered likely to produce chromosomally unbalanced offspring which would probably be aborted as suggested by Bateman (1964) . All karyotypes were examined with care to detect translocations whenever possible, but in the expectation that some significant translocations would not be detectable or be detectable only with difficulty in either balanced or unbalanced form by the methods now available.
It was considered highly probable that the two clear cases of translocation in this series t(DqDq) and t(l?-;Gq +) were responsible for the recurrent abortions in the respective families.
In the case of the minor abnormalities, some of which may be due to translocation, the situation is less clear. Such marker chromosomes are now usually considered to be harmless variants of the normal. The reported incidence of 3% of such anomalies in the general population (Court Brown et al., 1966) does not in itself imply that they are without pathological effect. The incidence of spontaneous abortion is about 15% of all pregnancies, and approximately 2% of the pregnancies concluded in this unit were found to be in women whose history fulfilled the criteria of this study. In addition to the isolated reports of minor chromosomal anomalies in families with recurrent abortions an increased incidence of such anomalies has been reported in families subject to congenital heart disease (German, Ehlers, and Engle, 1966) and in the families of children with Down's syndrome (Mikkelsen, 1967; Starkman and Shaw, 1967) .
The findings of severe, specific malformations in cases of deletion of relatively small chromosomal fragments (cri-du-chat syndrome, deletions from the long or short arms of chromosome 18, and deletion of a G autosome) suggest that deletions of relatively small fragments of chromatin may in some cases be lethal in utero. As is the case with trisomies and the 45,X condition it is probable that most embryos so affected are aborted. Many such cases must be overlooked. The criteria for clinical recognition of such syndromes should be (1) the presence of specific abnormalities which are compatible with survival to later pregnancy and (2) the deletion of chromatin from a site where its absence is apparent, such as a relatively small chromosome or from the short arms of a larger chromosome. Addition of similar quantities of chromatin would presumably be less lethal, but the genes involved would determine this. Law and Masterson (1966) described two cases of the syndrome of deletion from the long arms of chromosome 18 occurring in a sibship where the mother was carrying a translocation from the long arms of a chromosome 18 to the short arms of a G autosome. Cases of this sort confirm that at least some acrocentric short arm anomalies are due to translocation, but it is only rarely that the confirmatory evidence of a clear reciprocal anomaly and specifically abnormal offspring will be found. In a similar family described by Nance et al. (1968) the other chromosome involved in the translocation could not be identified. should be studied whenever possible. If a translocation is found, prophylactic treatment is unlikely to be helpful but the woman may be spared more drastic investigation and treatment. It was found in this study that parents accepted the situation well if they were told that the probability of having a normal pregnancy was 2 in 3 (as would be expected in a t(DqDq) carrier assuming that effectively monosomic embryos do not survive long enough for pregnancy to be detected and that effectively trisomic embryos are aborted).
Summary
Chromosome studies were carried out on an almost consecutive series of 50 women who presented to a single unit with a history of two or more spontaneous abortions and of fewer full-term pregnancies than abortions. Only those who refused to co-operate or whose abortions were probably induced were excluded. The husbands of all the women were also studied, and an attempt was made to karyotype all aborted foetuses retrieved from these women. Eight foetuses were successfully karyotyped.
Two of the women were found to be carriers of balanced translocations. One of them had a t(DqDq), the other had a t(1 ?-;Gq +). Eight ofthe other adults had minor autosomal variations. The total number of variations was significantly in excess of that found in 438 randomly chosen adults by Court Brown et al. (1966 
